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statistical methods of inference. A framework built around the relationship between relative 
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the inclusion of control variables. 
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1. Introduction 

China’s currency, the Renminbi (RMB), has occupied a central role in the ongoing debate 

over the source of global current account imbalances. In this paper, we step back from the 

debates over the merits of one exchange rate regime versus another and whether a currency 

realignment is desirable (although our conclusions will necessarily inform the debate over what 

the appropriate actions might be). Rather, we focus the discussion of currency misalignment in 

terms of economic theory and empirics; in particular, we focus on the difficulty in measuring the 

“equilibrium real exchange rate” and on quantifying the uncertainty surrounding the 

measurement of the level of the equilibrium. In so doing, we sharpen our definition of what 

constitutes currency misalignment, at the cost of restricting the generality of our conclusions. 

Specifically, we exploit a well-known relationship between deviations from absolute 

purchasing power parity and real per capita income using panel regression methods.  By placing 

the RMB in the context of this well-known empirical relationship exhibited by a large number of 

developing and developed countries, over a long time horizon, this approach addresses the 

question of where China’s real exchange rate stands relative to the “equilibrium” level.  In 

addition to calculating the numerical magnitude of the degree of misalignment, we assess the 

estimates in the context of statistical uncertainty. In this respect, we extend the standard practice 

of considering both economic and statistical significance in coefficient estimates to the 

prediction aspect.  

We also extend the analysis by allowing for heterogeneity across country groupings and 

time periods. After conducting various robustness checks, we conclude that although the point 

estimates indicate the RMB is undervalued in almost all samples, in almost no case is the 

deviation statistically significant, and indeed, when serial correlation is accounted for, the extent 

of misalignment is not even statistically significant at the 50% level. These findings highlight the 

great degree of uncertainty surrounding empirical estimates of “equilibrium real exchange rates”, 

thereby underscoring the difficulty in accurately assessing the degree of RMB undervaluation.  

 We further assess the robustness of the results in the presence of several conditioning 

variables. These additional factors include demographic variables, measures of trade openness, 

policy factors such as the extent of capital controls, and institutional factors. While these 

conditioning variables exert significant effects, their inclusion does not change the basic 

message: the RMB appears to be undervalued, but not by a statistically significant margin. 
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2.  Preliminary Discussion 

2.1 A Brief Literature Review 

At the heart of the debate over the right way of determining the appropriate exchange rate 

level are contrasting ideas of what constitutes an equilibrium exchange rate, what time frame the 

equilibrium condition pertains to, and, not least, what econometric method to implement.1 Some 

short cuts have been used so often that some forget that they are short cuts.  

Most of the extant studies fall into some familiar categories, either relying upon some 

form of relative purchasing power parity (PPP) or cost competitiveness calculation, the modeling 

of deviations from absolute PPP,  a composite model incorporating several channels of effects 

(sometimes called behavioral equilibrium exchange rate models), or flow equilibrium models.2  

The relative PPP comparisons are the easiest to make, in terms of numerical calculation. 

On the other hand, relative PPP is uninformative about how a country’s exchange rate stands 

relative to others. 

Bosworth (2004), Frankel (2005), Coudert and Couharde (2005), and Cairns (2005b) 

estimate the relationship between the deviation from absolute PPP and relative per capita 

income. All obtain similar results regarding the relationship between the two variables (although 

Coudert and Couharde fail to detect this link for the RMB in their time series analysis).  

Zhang (2001), Wang (2004), and Funke and Rahn (2005) implement what could broadly 

be described as behavioral equilibrium exchange rate (BEER) specifications.3 These models 

incorporate a variety of channels through which the real exchange rate is affected. Since each 

author selects different variables to include, the implied misalignments will necessarily vary. In 

addition, these approaches will fail to identify if a currency is misaligned relative to another 

country’s for the same reason that relative PPP fails to do so – because they typically rely upon 

price indices but not actual prices. 

Other approaches center on flow equilibria, considering savings and investment behavior 

and the resulting implied current account. The equilibrium exchange rate is derived from the 

implied medium term current account using import and export elasticities. In the IMF’s 

                                                 
1  One relevant work is Hinkle and Montiel (1999). 
2  See Table 1 of Cheung, Chinn and Fujii (forthcoming) for a typology of these different 
approaches. 
3  Also known as BEERs, a composite of exchange rate models. 
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“macroeconomic approach”, the “norms” are estimated, in the spirit of Chinn and Prasad (2003). 

Wang (2004) discusses the difficulties in using this approach for China but does not present 

estimates of misalignment based upon this framework. Coudert and Couharde (2005) implement 

a similar approach. Finally, the external balances approach relies upon assessments of the 

persistent components of the balance of payments condition (Goldstein, 2004; Bosworth, 2004). 

This last set of approaches is perhaps most useful for conducting short-term analyses. But the 

wide dispersion in implied misalignments reflects the difficulties in making judgments about 

what constitutes persistent capital flows. For instance, Prasad and Wei (2005), examining the 

composition of capital inflows into and out of China, argue that much of the reserve 

accumulation that has occurred in recent years is due to speculative inflows; hence, the degree of 

misalignment is small.4  

In his survey, Cairns (2005a) observes that studies implementing an absolute PPP 

methodology result in the greatest degree of estimated undervaluation. Those implementing 

either relative PPP or flow equilibrium approaches find smaller estimates of undervaluation.5  

 

2.2 Bilateral and Effective Exchange Rate Indexes 
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Figure 1: Real Chinese exchange rate, in logs (Official and “Adjusted”) and trends 
                                                 
4  Moreover, such judgments based upon flow criteria must condition their conclusions on 
the existence of effective capital controls. This is an obvious—and widely acknowledged — 
point, but one that bears repeating and, indeed, is a point that we will return to at the end of this 
paper. 
5  Dunaway and Li (2005) made a similar observation. 
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To highlight the drawbacks of this oft-used relative PPP approach, we examine briefly 

what this methodology says about the RMB. Figure 1 depicts the official exchange rate series 

from January 1987 to May 2006, deflated by the US and Chinese CPI’s. The rate is expressed so 

higher values mean a stronger Chinese currency (the units of currency are denoted as CNY, for 

Chinese Yuan). In line with expectations, in the years since the East Asian crisis, the RMB has 

experienced a downward decline in value.  

However, as with the case with many economies experiencing transitions from controlled 

to partially decontrolled capital accounts and from dual to unified exchange rate regimes, there is 

some dispute over what exchange rate measure to use. It turns out that in the years leading up to 

1994, increasingly large amounts of RMB transactions were taking place at “swap rates” – rather 

than the official rate – so that the 1994 “mega-devaluation” is actually better described as a 

unification of different rates of exchange (Fernald, Edison, and Loungani, 1999). The “adjusted” 

rate in Figure 1 is a weighted average of the official and the swap rates.  

In the early warning system literature that developed in the wake of the financial crises of 

the 1990’s, a typical measure of currency misalignment was the deviation from a deterministic 

trend. Using the “adjusted” rate, and fitting a linear time trend, one finds a modest 

undervaluation in the May of 2006 of 1.3%, contrasting slightly with the 5% overvaluation 

implied by the official exchange rate.  

In general, trade weighted exchange rates provide better measures of relative prices. 

However, using this same methodology on this exchange rate does not necessarily clarify 

matters.6 Figure 2 depicts the IMF’s trade weighted effective exchange rate index, and a fitted 

linear. One finds that focusing on the deviations from a simple trend indicates the RMB is 30% 

overvalued. Of course, a quick glance at the data indicates that a simple trend is much too 

simplistic a characterization. Suppose instead that one assumed that the relevant period was 1987 

onward; then a flat trend and zero misalignment would be the determination. The fact that 

working with simple straight line extrapolations can lead to such diverging conclusions suggests 

that we need to take a closer look at where the Chinese currency should stand, both over time 

and across countries. 

                                                 
6  As a matter of principal, trade weighted rates are to be preferred to bilateral rates since 
the reliance on the latter can lead to misleading inferences about overall competitiveness. 
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Figure 2: Real trade weighted value of RMB, in logs, and trend. 
 

3.  Absolute Purchasing Power Parity 

3.1  The Real Exchange Rate – Income Relationship 

As a first cut, we appeal to a simple, and apparently robust, relationship between the real 

exchange rate and per capita income. We will then elaborate the analysis by stratifying the data 

along other dimensions (level of development, time period), and by adding in other variables that 

might alter one’s assessment of the fundamental equilibrium level of the exchange rate. 

First, let us consider the basic framework of analysis. Consider the law of one price, 

which states that the price of a single good should be equalized in common currency terms 

(expressed in logs): 
*
,, titti psp +=          (1) 

where ts  is the log exchange rate, tip ,  is the log price of good i at time t, and the asterisk denotes 

the foreign country variable. Summing over all goods, and assuming the weights associated with 

each good are the same in both the home country and foreign country basket, one then obtains 

the absolute purchasing power parity condition: 
*
ttt psp +=          (2) 

where for simplicity assume p is a arithmetic average of individual log prices. As is well known, 

if the weights differ between home and foreign country baskets (let’s say production bundles), 

then even if the law of one price holds, absolute purchasing power parity need not hold.  
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 The “price level” variable in the Penn World Tables (Summers and Heston, 1991), and 

other purchasing power parity exchange rates, attempt to circumvent this problem by using 

prices (not price indices) of goods, and calculating the aggregate price level using the same 

weights. Assume for the moment that this can be accomplished, but that some share of the basket 

(α) is nontradable (denoted by N subscript), and the remainder is tradable (denoted by T 

subscript). Then: 

 tTtNt ppp ,, )1( αα −+=        (3) 

By simple manipulation, one finds that the “real exchange rate” is given by: 

][][)( *
,

*
,,,

*
,,

*
tTtNtTtNtTtTttttt ppppppsppsq −+−−+−=+−≡ αα   (4) 

Rewriting, and indicating the first term in (parentheses), the intercountry price of tradables, as 

tTq ,  and the intercountry relative price of nontradables as tω  ≡  ][][ *
,

*
,,, tTtNtTtN pppp −−− , leads 

to the following rewriting of (4): 

ttTt qq αω−= ,         (4’) 

This expression indicates that the real exchange rate can appreciate as changes occur in the 

relative price of traded goods between countries, or as the relative price of nontradables rises in 

one country, relative to another. In principle, economic factors can affect one or both.  

Most models of the real exchange rate can be categorized according to which specific 

relative price serves as the object of focus. If the relative price of nontradables is key, then the 

resulting models – in a small country context – have been termed “dependent economy” (Salter, 

1959, and Swan, 1960) or “Scandinavian” model. In the former case, demand side factors drive 

shifts in the relative price of nontradables. In the latter, productivity levels and the nominal 

exchange rate determine the nominal wage rate, and hence the price level and the relative price 

of nontradables. In this latter context, the real exchange rate is a function of productivity 

(Krueger, 1983: 157). Consequently, the two sets of models both focus on the relative 

nontradables price, but differ in their focus on the source of shifts in this relative price. Since the 

home economy is small relative to the world economy (hence, one is working with a one-country 

model), the tradable price is pinned down by the rest-of-the-world supply of traded goods. 

Hence, the “real exchange rate” in this case is (pN-pT). 

By far dominant in this category are those that center on the relative price of 

nontradables. These include the specifications based on the approaches of Balassa (1964) and 
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Samuelson (1964) that model the relative price of nontradables as a function of sectoral 

productivity differentials, including Hsieh (1982), Canzoneri, Cumby and Diba (1999), and 

Chinn (2000a). They also include those approaches that include demand side determinants of the 

relative price, such as that of DeGregorio and Wolf (1994). They observe that if consumption 

preferences are not homothetic and factors are not perfectly free to move intersectorally, changes 

in per capita income may result shifts in the relative price of nontradables.  

This perspective provides the key rationale for the well-known positive cross-sectional 

relationship between relative price (the inverse of q, i.e., -q) and relative per capita income 

levels. We exploit this relationship to determine whether the Chinese currency is undervalued. 

Obviously, this approach is not novel; it has been implemented recently by Coudert and 

Couharde (2005) and Frankel (2006). However, we will expand this approach along several 

dimensions. First, we augment the approach by incorporating the time series dimension.7 Second, 

we explicitly characterize the uncertainty surrounding our determinations of currency 

misalignment. Third, we examine the stability of the relative price and relative per capita income 

relationship using a) subsamples of certain country groups and time periods, and b) control 

variables. 

Before proceeding further, it is important to be explicit about the type of equilibrium we 

are associating with our measure of the “normal” exchange rate level.  Theoretically, the 

equilibrium exchange rate in the Balassa-Samuelson approach is the one that is consistent with 

both internal and external balances. In reality, however, internal and external balance is not 

guaranteed. Thus, the estimated exchange rate measure is properly interpreted as a long-run 

measure and is ill-suited (on its own) to analyzing short run phenomena. As a remedy, we 

include control variables that are relevant for (short-run) variations in internal and external 

balances in the subsequent analyses.8  

 

                                                 
7  Coudert and Couharde (2005) implement the absolute PPP regression on a cross-section, 
while their panel estimation relies upon estimating the relationship between the relative price 
level to relative tradables to nontradables price indices.  
8   Frankel (2006) discusses whether one can speak of an “equilibrium exchange rate” when 
there is more than one sector to consider.  
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3.2  The Basic Bivariate  Results 

 We compile a large data set encompassing up to 160 countries over the 1975-2004 

period. Most of the data are drawn from the World Bank’s World Development Indicators 

(WDI). Because some data are missing, the panel is unbalanced. The Appendix gives a greater 

detail on the data used in this subsection and elsewhere.  

Extending Frankel’s (2006) cross-section approach, we estimate the real exchange rate-

income relationship using a pooled time-series cross-section (OLS) regression, where all 

variables are expressed in terms relative to the US; 

ititit uyq ++= 10 ββ ,        (5) 

where q is expressed in real terms relative to the US price level, y is real per capita income 

relative to the US.9 The results are reported in the first two columns of Table 1, for cases in 

which we measure relative per capita income in either USD exchange rates or PPP-based 

exchange rates. 

One characteristic of estimating a pooled OLS regression is that it forces the intercept 

term to be the same across countries, and assumes that the error term is distributed identically 

over the entire sample. Because this is something that should be tested, rather than assumed, we 

also estimated random effects and fixed effects regressions. The former assumes that the 

individual specific error is uncorrelated with the right hand side variables, while the latter is 

efficient when this correlation is non-zero.10 

Random effects regressions do not yield substantially different results from those 

obtained using pooled OLS. Interestingly, when allowing the within and between coefficients to 

differ, we do find differing effects. In particular, with US$ based per capita GDP, the within 

effect is much stronger than the between. This divergence is likely picking up short term effects, 

where output growth is correlated with other variables pushing up currency values. This pattern, 

however, is not present in results derived from the PPP-based output data. 

                                                 
9  β0 can take on currency specific values if a fixed effects specification is implemented. 
Similarly, the error term is composed of a currency specific and aggregate error if the pooled 
OLS specification is dropped. 
10  Since the price levels being used are comparable across countries, in principle there is no 
need to incorporate country-specific constants as in fixed effects or random effects regressions. 
In addition, fixed effects estimates are biased in the presence of serial correlation, which is 
documented in the subsequent analysis. 
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 Interestingly, the estimated elasticity of the price level with respect to per capita income 

does not appear to be particularly sensitive to measurements of per capita income. In all cases,  
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Table 1: The panel estimation results of the real exchange rate – income relationship 
 
 USD-based GDP  PPP-based GDP  PPP-based GDP (Prais-Winsten) 

 
Pooled 
OLS 

Between Fixed 
effects 
(Within) 

Random  
effects 

Pooled 
OLS 

Between Fixed 
effects 
(Within) 

Random 
effects 

Pooled 
OLS 

Between Fixed 
effects 
(Within)

Random  
effects 

GDP per 
capita 

0.249** 
(0.003) 

0.254** 
(0.015) 

0.391** 
(0.029) 

0.297** 
(0.012) 

0.299** 
(0.006) 

0.300** 
(0.028) 

0.273** 
(0.031) 

0.284** 
(0.017) 

0.147** 
(0.021) 

0.396** 
(0.028) 

0.036 
(0.025) 

0.132** 
(0.021) 

Constant -.016** 
(0.008) 

-.036 
(0.050) 

- 0.084 
(0.042) 

-.134** 
(0.011) 

-.177** 
(0.061) 

- -.204** 
(0.043) 

-.026** 
(0.002) 

0.001 
(0.004) 

- -.027** 
(0.003) 

Adjusted R2 0.496 0.617 0.763 0.496 0.349 0.413 0.754 0.349 0.012 0.389 0.021 0.012 
F-test  
statistic 

  29.468**    42.647**    1.218*  

Hausman 
test statistic 

   11.873**    0.167    39.384**

Number of 
observations

4018    4018    3958    

 
Notes: The data covers 160 countries over the maximum of a thirty-years period from 1975 to 2004. The panel is unbalanced due to some missing 
observations. ** and * indicate 1% and 5% levels of significance, respectively. Heteroskedasticity-robust standard errors are given in parentheses 
underneath coefficient estimates. For the fixed effects models, the F-test statistics are reported for the null hypothesis of the equality of the 
constants across all countries in the sample. For the random effects models, the Hausman test statistics test for the independence between the time-
invariant country-specific effects and the regressor.  
The third column labeled (Prais-Winsten) gives estimates from data with serial correlation removed using the Prais-Winsten method. The AR1 

coefficient estimate for the Prais-Winsten transformation is 0.951.
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the elasticity estimate is always around 0.25-0.39, which compares favorably with Frankel’s 

(2006) 1990 and 2000 year cross-section estimates of 0.38 and 0.32, respectively.11   

 One of the key emphases of our analysis is the central role accorded the quantification of 

the uncertainty surrounding the estimates. That is, in addition to estimating the economic 

magnitude of the implied misalignments, we also assess whether the implied misalignments are 

statistically different from zero. In Figures 3 and 4, we plot the actual and resulting predicted 

rates and standard error bands. To simply presentation, we focus on results derived from the 

PPP-based data since the results pertaining to US$ based per capita GDP data are qualitatively 

similar. 
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Figure 3: The rate of RMB misalignment based on the pooled OLS estimates with the USD-based per 
capita income.  

                                                 
11  Note that, in addition to differences in the sample, our estimates differ from Frankel’s in 
that we measure each country’s (logged) real GDP per capita in terms relative to the US rather 
than in absolute terms.  
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Figure 4: The rate of RMB misalignment based on the pooled OLS estimates with the PPP-based per 
capita income. 

 

It is interesting to consider the path that the RMB has traced out in the graph. It begins 

the sample as overvalued, and over the next three decades it moves toward the predicted 

equilibrium value and then overshoots, so that, by 2004, it is substantially undervalued — by 

53% in level terms (greater in log terms). It is indeed a puzzle that the RMB path is different 

from the one predicted by the Balassa-Samuelson hypothesis. In comparing the observations at 

1975 and 2004, we found that countries including Indonesia, Malaysia, and Singapore also 

experienced an increase in their income but a decrease in their real exchange rates. On the other 

hand, Japan – a country typically used to illustrate the Balassa-Samuelson effect, has a positive 

real exchange rate – income relationship. The phenomenon warrants further analysis in a future 

study.  

In this context, we make two observations about these misalignment estimates. First, the 

RMB has been persistently undervalued by this criterion since the mid-1980s, even in 1997 and 

1998, when China was lauded for its refusal to devalue its currency despite the threat to its 

competitive position.  
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Second, and perhaps most importantly, in 2004, the RMB was more than one standard 

error—but less than two standard errors—away from the predicted value, which in the present 

context is interpreted as the “equilibrium” value. In other words, by the standard statistical 

criterion that applied economists commonly appeal to, the RMB is not undervalued (as of 2004) 

in a statistically significant sense. The wide dispersion of observations in the scatter plots should 

give pause to those who would make strong statements regarding the exact degree of 

misalignment.  

 

3.3  Controlling for Serial Correlation 

Notice that the deviations from the conditional mean are persistent; that is, deviations 

from the real exchange rate - income relationship identified by the regression are persistent, or 

exhibit serial correlation. It has an important implication for interpreting the degree of 

uncertainty surrounding these measures of misalignment. Frankel (2006) makes a similar 

observation, noting that half of the deviation of the RMB from the 1990 conditional mean exists 

in 2000. We estimate the autoregressive coefficient in our sample at approximately 0.89 to 0.91 

(derived from USD- and PPP-based per capita income figures, respectively) on an annual basis. 

A simple, ad hoc adjustment based upon the latter estimate suggests that the standard error of the 

regression should be adjusted upward by a factor equal to [1/(1- 2ρ̂ )]0.5 ≈ 2.  
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Figure 5: PPP-based real income, pooled OLS estimates with ad-hoc AR1 adjustment. 
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To provide a temporal dimension of the estimated misalignment, we trace the evolution 

of the RMB level over time, its predicted value, and the associated confidence bands adjusted to 

account for the serial correlation in Figure 5. The figure shows a striking feature – after 

controlling for serial correlation, the actual value of the RMB is always within one standard error 

prediction interval surrounding the (predicted) equilibrium value in the last 20 plus years! 

Combining this result and the large data dispersion observed in Figure 4, we have the impression 

that the data are not informative for a sharp misalignment inference – not just for the recent 

period but for the entire sample period. 

While the ad hoc adjustment procedure offers a more accurate assessment of the degree 

of uncertainty surrounding the predicted level of misalignment, it gives no information on the 

estimated real exchange rate-relative income relationship that is free of serial correlation effects. 

In order to obtain estimates that are statistically correct in the presence of serial correlation, we 

implemented a panel version of the Prais-Winsten procedure.12 The results are reported in the 

third column of Table 1. 

The pooled OLS estimate using PPP-based per capita income indicates a short run 

elasticity of 0.15, which is about one-half of the estimate without the serial correlation 

adjustment. The implied rate of adjustment is about 0.93 and the implied long-run elasticity is an 

implausibly high value of around 2. Relaxing the assumption that the errors are the same across 

time and individual countries (i.e., the random effects regression), we obtain a smaller short-run 

and hence long-run elasticity – 0.13 and 1.8, respectively. Since the Hausman tests rejects the 

orthogonality of the constant and the right hand side variable, we also consider the fixed effects 

regression results. These indicate the cross-country elasticity as being 0.4 (that is the “between” 

effect), and the short run elasticity 0.04 (not significant).  

                                                 
12  In essence, the Prais-Winsten method is an efficient procedure that incorporates serial 
correlation into the estimation process. We also implemented the Arellano-Bond approach that 
introduces lagged dependent variables into the model to account for serial correlation. The 
validity of the Arellano-Bond depends on the use of “good” instruments and the assumption that 
the number of time series observation is greater than the number of cross-sectional variables. In 
the current case, the choice of instruments is a practical issue and the time series dimension is 
smaller than the number of economies. In any case, the Arellano-Bond result is qualitatively 
similar to the one based on the ad hoc AR1 adjustment – the procedure gives a much larger 
standard error for a comparable estimate of undervaluation estimate given in Figure 3. These 
results are not presented for brevity. 
 



 

 15

-2.00

-1.50

-1.00

-0.50

0.00

0.50
1
97

5

1
97

6

1
97

7

1
97

8

1
97

9

1
98

0

1
98

1

1
98

2

1
98

3

1
98

4

1
98

5

1
98

6

1
98

7

1
98

8

1
98

9

1
99

0

1
99

1

1
99

2

1
99

3

1
99

4

1
99

5

1
99

6

1
99

7

1
99

8

1
99

9

2
00

0

2
00

1

2
00

2

2
00

3

2
00

4

Actual Predicted +2 std. +1 std. -1 std. -2 std.
 

 
Figure 6: PPP-based real income, the Prais-Winsten estimates  

 

Figure 6 shows the predicted RMB exchange rate based upon the pooled OLS estimates. 

Two observations are in order. First, for most of the sample period, the actual RMB value is 

within the one standard error prediction band – that is, the currency is insignificantly different 

from its predicted equilibrium value. The result is similar to the one depicted in Figure 5. 

Second, while the actual RMB value has been slightly below its predicted value since the 1997 

Asian financial crisis year, the two values virtually have converged by 2004 and there is little 

indication of undervaluation. In fact, the 2004 actual value slightly exceeds the predicted one; 

suggesting an overvaluation of 0.2 percent albeit statistically insignificant.  The surprising result 

is a consequence of taking serial correlation seriously – that is dealing with the high degree of 

persistence in the real exchange rate over time.  

That being said, most of the time, the actual exchange rate is within about one standard 

error of the predicted, suggesting that the case for overvaluation is about as strong (or weak) as 

the case for undervaluation. In other words, we can have little certitude about RMB 

misalignment using this oft-used cross-country relationship between the real exchange rate and 

per capita income, once issues of serial correlation are explicitly accounted for. 
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It is well-known that serial correlation, if not appropriately corrected for, can lead to 

biased estimates and unreliable inferences. In the current exercise (illustrated in Figures 4 and 5), 

serial correlation is handled using two different approaches and yet yield similar inferences 

regarding RMB misalignment. Despite the apparent RMB undervaluation, both cases show that 

adjustment for serial correlation effects results in a much weaker case for a significantly 

undervalued RMB. In the next two sections, we shift our attention to other factors that might 

mediate the real exchange rate-relative income relationship. 

 

4. Analyses of Subsamples 

 In the current and subsequent sections, we consider several variations of the basic 

bivariate structure in order to assess the robustness of our findings. Again, to simplify 

presentation and conserve space, we focus on results pertaining to PPP-based output data. In 

general, the results are quite robust to the choice of output data. The omitted results are available 

upon request. 

  

4.1 Developed/Developing and Income Stratifications 

In Table 2, we report the results obtained from developed and developing countries. 

Interestingly, we find that the pooled OLS estimate is much larger for the developed countries 

than for the developing. This is somewhat surprising, given the widespread belief that Balassa-

Samuelson effects are more pronounced in developing countries. Furthermore, the F-test 

indicates that the GDP effects are significantly different across the two country groups. 

We investigate further by estimating random effects models. For developed countries, the 

GDP effect under the random effects model is substantially smaller than the one under the OLS 

setting; 0.19 versus 0.75. The change in the case of developing countries is much less dramatic, 

and the random effects model gives a stronger GDP effect. Interestingly, the random effects 

specification reverses the relative size of the GDP effect so that now the slope coefficient is 

greater in developing countries.  Since the Hausman test fails to reject the exogeneity 

assumption, we can be relatively confident that these values are representative.  



 

 17

Table 2: The panel estimation results for developed versus developing country samples 
 
 Developed countries Developing countries 

 
Pooled 
OLS 

Between Fixed 
effects 
(Within) 

Random  
effects 

Pooled 
OLS 

Between Fixed 
effects 
(Within) 

Random  
effects 

GDP per capita 0.749** 
(0.049) 

0.898** 
(0.144) 

-.019 
(0.073) 

0.187* 
(0.076) 

0.233** 
(0.008) 

0.238** 
(0.035) 

0.294** 
(0.032) 

0.276** 
(0.019) 

Constant 0.209** 
(0.016) 

0.257** 
(0.053) 

- 0.031 
(0.038) 

-.298** 
(0.018) 

-.314** 
(0.083) 

- -.229** 
(0.052) 

Adjusted R2 0.330 0.665 0.569 0.330 0.192 0.266 0.670 0.192 
F-test  
statistic 

  18.536**    39.097**  

Hausman 
test statistic 

   0.000    0.453 

Number of 
observations 

600    3229    

 
 
Notes: The PPP-based real per capita income is used. The data covers 20 developed and 124 developing countries over the maximum of a thirty-

years period from 1975 to 2004. The panel is unbalanced due to some missing observations. ** and * indicate 1% and 5% levels of significance, 

respectively. Heteroskedasticity-robust standard errors are given in parentheses underneath coefficient estimates. For the fixed effects models, the 

F-test statistics are reported for the null hypothesis of the equality of the constants across all countries in the sample. For the random effects 

models, the Hausman test statistics test for the independence between the time-invariant country-specific effects and the regressor. The F-test for 

the equality of the slope coefficients between the two samples gives a test statistic of 119.931, which rejects the null hypothesis of equality.
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Using the developing country pooled OLS estimates, we find that the RMB is 51% 

misaligned as of 2004 (see Figure 7). However, the actual rate is still within two standard errors 

of the predicted. 
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Figure 7: PPP-based real income, pooled OLS estimates with the less developed country sample 

 

 When we break the sample into finer categories – namely into high, middle, and low 

income groupings – we find a pattern wherein the pooled OLS estimates are highest in the 

highest income group, and declines with income grouping (Table 3). A formal F-test confirms 

that the estimated GDP effects are significantly different across these income groups. 

 Moving to the random effects specifications, which appear to be appropriate for the high 

and middle income groupings, one finds that the elasticities are about the same, at 0.16 versus 

0.14. Table 4 also shows the between effects’ estimate of the exchange rate-income elasticity of -

0.26 for low income countries, while the within effect is about a half. In other words, for low 

income countries, there is substantial variation over time due to income changes. 

Using the middle income country estimates, we estimate the extent of RMB 

undervaluation as close to 48% at 2004, but still within the two standard error band (See Figure 

8). 

 




















































